Abstract. Reactive Ion Etch (RIE) has been an important process in the world of microelectronic fabrication. Focus of this preliminary study is on how RIE affects the grain size of aluminum film which is fabricated on substrates. RIE parameters are varied to obtain 16 different recipes which are done using Design of Experiment. Grain size of the samples is recorded for all 16 samples before and after RIE treatment. This produces results that can be compared to obtain the effect of RIE on the aluminum film. Results show that RIE affects the mean grain size of the aluminum film as it increases after RIE treatment.
Introduction
Reactive Ion Etching(RIE), is a kind of dry etching process which is assisted by plasma which is an ionized gas with equal number of positive and negative charges. This process [1] [2] [3] [4] [5] [6] [7] [8] [9] involves three types of phenomena which is ionization where plasma is generated and sustained, excitation which causes plasma to glow and disassociation which creates open radicals [10] . These phenomenons cause chemically reactive species to react with the materials being etched to form impulsive byproducts. This pre-treatment method uses only efficient resources and apparently improves the manufacturability, reliability and yield for advanced semiconductor packages. Result of removal of the acquired quantity of material from the substrates produces improvement in term of surface uniformity which indirectly influences the overall device reliability [11] .
The ability to predict the influence of the process parameters of RIE is vital in terms of machine performance as they may have a serious impact on product quality as well as on the possibility of machine failure [12] . Plasma treatment is used for a wide range of process steps and surface preparation to enhance the adhesion, preplate resist wettability, descumming (removal of resist or polymer residues in vias or openings), resist strip, metal etch, rework and the likes. Advantage of dry etching compared to wet etching is the clean nature of the process. Clean nature presents no residual ions are left on the surface. The process control is also exceptional because the process is started and stopped by switching power. Furthermore, the material consumption is low compared to wet etching process. The total etching process is controlled by the absorption of the etchant on the surface, the reaction rate at the surface and desorption of the products [12] .
Although it has many unique advantages, the process is extremely sensitive to many variables, making the results inconsistent and irreproducible. Therefore, important plasma parameters and their influences are studied vastly and methods to produce desired results consistently are researched [13] . This is the base of this study where controlling RIE process with a balance set of parameters is important to produce a desired surface morphology of aluminum bond pad. RIE enables the achievement of profile control due to the synergetic combination of physical sputtering with chemical activity of reactive species with high etch rate and high selectivity. It is known that RIE or dry etching process using energetic ion bombardment will affect the silicon surface in several ways [14] . Therefore, to fulfill the requirement of this study Design Of Experiment(DOE), a method which provides a various forms of statistical study is chosen.
As significance, designing an appropriate plan for various fields has been justified by the successful results produced following the completion of the project. Relating to this matter, the concept of experiment design is to use an organized layout to find explanations for the mysteries involving mainly in the manufacturing field. In recent years, "Design of Experiment (DOE)" has been a well-liked 'tool' to investigate systems or processes which maximizes information gain with minimum resource usage. It is a systematic and powerful technique to discover which set of process variables are important, how they interact and which are the best settings suitable for these variable in order to optimize the whole process performance [15] . There are many industries all over the world which have reported success after using DOE to improve product and process reliability, improving process performance, reducing process variability etc. over the last 15 years [16] [17] [18] [19] .
An experimental plan is developed to gather information/data to find answer for issues regarding ways to improve the quality of certain combination or to find which factor should be controlled to have a robust process. DOE can be applied to almost any problem in any field of investigation. The gained result can be an improvement or an optimization depending on the investigated issue.
Many previous research studies had been done using the method used in this study. As an example in the study of optimization on base-catalyzed sunflower oil ethanolysis [20] , in the investigation study of cutting parameters effects on surface roughness in lathe boring operation [21] , in the analysis for dye-sensitized hydrogen generation from water [22] and in the study of finite element analysis for grinding of wire-sawn silicon wafers [23] . These previous study shows that this experimental design method can be used in various fields proving the capability of this method. Engineers can benefit from the application of DOE if the problem's discipline involves engineering, development or trouble-shooting. This is the reason why usage of experimental designs and statistic increases the effectiveness of the research experiment. Generally, these are the motive behind the use of DOE in this study which provides a better investigation throughout the study.
Methodology
To start, an appropriate form of Design Of Experiment(DOE) is selected to perform this experimental study. In this study, there are 4 concerned factors which each are varied in 2 levels. The factors are quantity of Oxygen, Argon, ICP power and BIAS power. Each are varied with high(1) level value and low(-1) level value. Therefore, the 2 4 Full Factorial design is preferred. This design of experiment will provide a variation of different recipes for all the factors involved. Total of 16 set of recipes will produce 16 different results, which will allow us to study the effect of RIE towards the grain size. The values of the factors and levels are shown in the Table 1 below. Next, the wafer is prepared whereby it is diced to get the number of samples needed for the DOE. In this DOE, 16 samples are needed. The samples are then cleaned with Piranha solution to remove all unwanted organic matter on substrates especially oxide. After cleaned, the deposition of aluminum layer takes part where 3 layers of aluminum is deposited using Physical Vapour Deposition (PVD). To obtain the grain size, Atomic Force Microscopic (AFM) is used where it produces 3D images of the surface. After the samples are inspected using AFM, Acetone solution is used to clean the samples from any contaminations. Acetone basically will remove the dust and contamination on the sample surface. The next procedure is where all the samples will be etched using RIE. RIE is used to remove the material that we wish to remove from the sample surface, which is aluminum in this experiment. Next all the samples which had been treated using RIE are characterized using AFM. Finally the results are analyzed and compared. The methodology overview showed in Fig.1 shows the simple steps of the experiment. 
Results and Discussions
The mean grain size is directly related to the nucleation point density and its evaluation is important in obtaining data on nucleation mechanism of a new crystalline phase. The grain boundaries of the silicon dioxide were imaged using the silicon ridges, which enables unambiguous and statistically relevant data on the grain size. Grain size analysis on the aluminum film deposited on the substrate is analyzed by Atomic Force Microscope(AFM). Instead of tunneling current, AFM detects interatomic forces that occur between a cantilever probe tip and a sample. Normal imaging forces are in the 1 -50 nanonewton range and cantilever deflection of less than 0.1 nm can be detected. AFM is the common tool that is used to characterize the grain size of different polycrystalline materials that used in microelectronics such as aluminum, polysilicon and titanium. The measurements are usually performed on the film free surface. The result of the mean grain size can provide useful information about deposition, crystallization of amorphous layer, and phase transition phenomena [24] . Fig. 2 shows the statistic of the mean grain size for 16 experiments before RIE. For the result before RIE process, it shows that the smallest mean grain size is 22070.0000 nm 2 and the largest mean grain size is 3492000.0000 nm 2 . Fig. 2 : Mean Grain Size Analysis before RIE Fig. 3 shows the statistic of the mean grain size for 16 experiments after RIE. The result after RIE process shows that the smallest mean grain size is 218633.3333 nm 2 and the largest is 2560300.0000 nm 2 . Graph shows that samples treated with RIE have higher grain size than samples before RIE treatment. Thus, RIE treatment does affect the grain size of the aluminum layer. Etching process using ICP-RIE Fig. 3 : Mean Grain Size Analysis after RIE Consequently, this preliminary study presents that the RIE treatment results in increment of the grain size. Result provides valid reason to precede the study towards grain boundary and nucleation mechanism.
Conclusion
As conclusion of this preliminary study, Reactive Ion Etch does influence the grain size of aluminum deposited on substrate. This is proven from the results obtained of Atomic Force Microscope. Overall comparison between grain size prior RIE treatment and after RIE treatment shows that grain size of aluminum increases after RIE treatment.
Influence of this experimental gives opportunity to proceed with the study into nucleation mechanism and other details. This study also proves the advantage of Design of Experiment in an experimental study. It provides systematic environment and statistical result which facilitates in analyzing of the results.
